INTRODUCTION {#sec1-1}
============

Since 1950, there has been a decline in maternal mortality because of cardiac disease from 5.6 to 0.3 per 100,000 births, but maternal cardiac and neonatal complications are still considerable\[[@ref1]--[@ref3]\] with congenital heart disease representing about 75% of the heart diseases seen in pregnancy.\[[@ref2]\]

With recent advances in pediatric cardiology and improved surgical techniques, most patients with tetralogy of Fallot (TOF) now undergo surgical treatment during infancy or childhood and more women are thriving well into their childbearing years. Patients with repaired TOF achieve a good quality of life; survival rates of 86% have been reported at 36 years of age.\[[@ref4]--[@ref6]\] Late complications do occur in 10--15% at 20 years after the initial repair, the most important being right-sided heart failure caused by pulmonary regurgitation and supraventricular or ventricular arrhythmia.\[[@ref6]--[@ref8]\]

The use of implantable cardioverter defibrillators (ICDs) has allowed an increasing number of young women to reach their reproductive years. The National Institute for Health and Clinical Excellence (NICE) guidelines suggest the "routine consideration" of ICDs for patients with repaired TOF,\[[@ref9]\] which would lead to many more patients with repaired TOF having ICD implantation and presenting an unprecedented challenge to cardiologists, cardiac surgeons, obstetricians, and anesthesiologists.

More information is needed on the outcome of pregnancy in women with ICDs despite reported cases of women with ICDs who have successfully completed a pregnancy\[[@ref10][@ref11]\] and some reports describe cesarean deliveries under general anesthesia in patients with ICDs.\[[@ref12][@ref13]\]

We present a young parturient with repaired TOF, severe dilated cardiomyopathy (DCM) and an ICD, who delivered her third healthy infant successfully by a cesarean section. We discuss the challenges encountered.

CASE PRESENTATION {#sec1-2}
=================

A 24-year-old multigravida, height 154 cm and weight 46.1 kg, with a history of a surgically repaired TOF at the age of 2 years was admitted at 37 weeks of gestation for a planned cesarean section and tubal ligation. In spite of the doubts raised and an early offer of termination by therapeutic abortion, the patient and her husband chose to continue the pregnancy. Six years earlier, the patient had been diagnosed with severe left ventricular dysfunction and symptomatic nonsustained ventricular tachycardia for which a single-chamber ICD (Medtronic Marquis^®^ 7230VR) was implanted in the left prepectoral region. During that period, the patient was in a stable and well-compensated condition and she discontinued the prescribed beta-blocker and angiotensin converting enzyme inhibitors early before pregnancies due to precautions raised by the physicians.

Five and three years prior to the present pregnancy, two babies (2.8 kg and 2 kg, respectively) were delivered vaginally and uneventfully despite counseling against pregnancy. She had an uncomplicated miscarriage a year ago. An extraction and reimplantation of shock leads after lead failure was performed after her second delivery. There was no significant family history of congenital heart disease or familial cardiomyopathies.

During this pregnancy, she did not experience any arrhythmic episodes or symptoms of heart failure decompensation. The management was maintained through frequent antenatal physical and echocardiographic examinations and measures focused on maintaining a low-salt diet, treating anemia with iron and vitamins supplement, limiting strenuous physical activity, and adequate rest.

On this occasion, she was admitted with dyspnea on exertion (functional cardiac capacity/New York Heart Association of Class II/III) with no other significant cardiac symptoms. Physical examination showed blood pressure 92/58 mmHg, pulse rate 68 beats/min, respiratory rate 20 cycles/min, and pulse oximetry 95.8% on room air with no signs of heart failure and was otherwise unremarkable. Electrocardiogram showed sinus rhythm and complete right bundle branch block \[[Figure 1](#F1){ref-type="fig"}\]. Chest X-ray showed previous sternotomy wiring, cardiomegaly, and an implanted ICD device in the left pectoral region \[[Figure 2](#F2){ref-type="fig"}\]. A repeated antepartum echocardiographic study showed no residual shunt at the ventricular septal defect patch, a dilated right ventricle with normal systolic function, and an ICD lead seen traversing the tricuspid valve toward the right ventricular apex \[[Figure 3](#F3){ref-type="fig"}\]; right ventricle systolic pressure was 44 mmHg, left ventricular ejection fraction (LVEF) 30%, left ventricular end-diastolic diameter (LVEDD) 56 mm, moderate tricuspid regurgitation (jet area of 4.5 cm^2^), and moderate pulmonary valve regurgitation \[[Figure 4](#F4){ref-type="fig"}\].

![Admission electrocardiogram showing sinus rhythm and complete right bundle branch block](HV-12-26-g001){#F1}

![Admission chest X-ray showing evidence of previous sternotomy (repaired tetralogy of Fallot), cardiomegaly and implanted cardioverter defibrillator in left pectoral region](HV-12-26-g002){#F2}

![Transthoracic echocardiography showing no residual shunt at the ventricular septal defect patch and implantable cardioverter defibrillator lead seen traversing the tricuspid valve toward the right ventricular apex. a) Parasternal long axis view shows intact interventricular septum (IVS), (arrow); b) Parasternal long axis view with color Doppler shows no residual shunt at the ventricular septal defect; c) Implantable cardioverter defibrillator lead seen traversing the tricuspid valve towards the right ventricle (arrows)](HV-12-26-g003){#F3}

![Transthoracic echocardiography (M mode, 2 dimension and Doppler studies) showing the left ventricle, the tricuspid valve regurgitation and the pulmonary valve regurgitation. a) M mode taken at mid left ventricular level showing the dimensions; b) 4-chamber view with color Doppler shows moderate tricuspid regurgitation short axis view with pulse wave; c) Doppler at pulmonary valve shows moderate regurgitation](HV-12-26-g004){#F4}

During the antepartum period, a multidisciplinary team of cardiologists, cardiac surgeons, obstetricians and anesthesiologists prepared the patient to be admitted 3 days before the planned day of the cesarean delivery that was elected to minimize the physical stress of labor and to offer a more stable hemodynamics.

The ICD was deactivated by a cardiologist upon arrival at the delivery suite. Infective endocarditis prophylaxis was recommended by the infectious diseases′ team. The patient was brought to the operating room with the pads applied and connected to an external defibrillator and a regular sinus rhythm was recorded by continuous electrocardiogram monitoring. Assisted ventilation and general surgical anesthesia was provided during the cesarean section with propofol, cistracurium, and suxamethonium. Fentanyl and morphine provided pain control analgesia.

At no time during the uncomplicated lower segment cesarean section did maternal rhythm and hemodynamic status result in disturbances and the patient was extubated and recovered smoothly. The fetal status remained satisfactory during the operation and a healthy infant was delivered. The mother was transferred to the surgical intensive care unit and her ICD was reactivated postpartum.

On the second postoperative day, she developed progressive dyspnea, tachypnea, and fever. Physical examination showed a temperature of 38.2^°^C, blood pressure 112/76 mmHg, pulse rate 120 beats/min, respiratory rate 40 cycles/min, and pulse oximetry 87.9% on room air. Chest examination showed bilateral coarse crepitation. Arterial blood gas values were pH 7.45, PaO~2~ 53 mmHg, PaCO~2~ 32.9 mmHg, and HCO~3~ 24.4. She was assisted with mechanical ventilation. A chest X-ray showed basal consolidation and computerized tomography of the chest confirmed bilateral basal consolidations with no evidence of acute pulmonary embolism. The [D]{.smallcaps}-dimer level was 159 mcmol/L (normal \< 250 mcmol/L). After excluding pulmonary embolism, a provisional diagnosis was made of postoperative pneumonia and treatment with a combination of intravenous antibiotics (pipracillin and tazobactam) was started and continued for 2 weeks together with decongestive therapy and intravenous inotropes for transient acute pulmonary edema and hypotension.

Serum levels of urea, creatinine, electrolytes, liver enzymes, and cardiac biomarkers were within normal limits; hemoglobin was 11.3 g/dL, white blood cells were 14.6 × 109/L; other blood indices and the coagulation profile were normal. C-reactive protein was 135 mg/L. Screening for viral hepatitis B and C was negative. Thyroid and adrenal hormone assays were normal. Repeated aerobic and anaerobic blood cultures produced no growth. Infective endocarditis was ruled out through transthoracic and transesophageal echocardiographic studies and repeated negative blood cultures.

After 3 days of therapy, she showed signs of improvement, her fever subsided, she was extubated successfully, and no dysrhythmias were observed. Diuretic therapy was continued and she received subcutaneous enoxoparin for thromboembolism prophylaxis. Echocardiographic data before discharge showed no new findings and no signs of deterioration in the ventricular function or the pulmonary valve. She was discharged in a stable cardiac condition.

DISCUSSION {#sec1-3}
==========

In the general population, the prevalence and median age of severe congenital heart disease has increased in adult patients.\[[@ref14]\] In patients with a repaired TOF, studies have described little or no complications in 68 pregnancies\[[@ref15]--[@ref19]\] although in another study, Veldtman *et al*.\[[@ref20]\] reported an increased risk of fetal loss in 82 successful pregnancies, and 6 out of 72 women had adverse cardiovascular events which may be associated with left ventricular dysfunction, severe pulmonary hypertension, and severe pulmonic regurgitation with RV dysfunction. Meijer *et al*. studied 26 patients and reported complications in 5 (19%), including arrhythmia and right-sided heart failure; however, pregnancy was generally well tolerated and no obvious predictors for maternal events or child outcome were determined, except for a possible relationship between severe pulmonary regurgitation and symptomatic heart failure.\[[@ref21]\]

Our patient was diagnosed with severe left ventricular dysfunction about 1 year before her primigravida but she remained stable and well compensated during pregnancy and had successful vaginal deliveries of her first and second healthy infant 5 and 3 years before this reported third pregnancy, respectively, despite counseling against pregnancies. Idiopathic DCM in patients with a repaired TOF or early during pregnancy has been described rarely,\[[@ref22]\] although it clinically resembles peripartum cardiomyopathy that occurs in late pregnancy or in the puerperium.

During the present third pregnancy, it was anticipated that the patient\'s condition might deteriorate with increasing dyspnea. Added to this, the magnitude of the hemodynamic changes in pregnancy increases as the pregnancy progresses.\[[@ref23]\] Therefore, after counseling, termination of the pregnancy was offered but was declined by the patient and her husband who requested that the pregnancy continue until the fetus had a good chance of viability.

Management therefore aimed to optimize her cardiac status until the planned cesarean delivery and focused on dietary sodium restriction, treating anemia, and restricting her to bed rest. These measures are usually underestimated and when strictly applied some medication and adverse cardiovascular events might be avoided. With sodium restriction, the patient ran a relatively stable course and did not develop any pulmonary congestion or peripheral edema, and diuretics are usually used when sodium restriction alone becomes unsuccessful. Angiotensin converting enzyme inhibitors and angiotensin receptor blockers, which are part of the standard long-term therapeutic regimen in nonpregnant patients with heart failure due to systolic dysfunction, are contraindicated in pregnancy. Thus, the use of these agents in our patient was abandoned. Although beta-blockers are important components of the treatment, their use was hampered by borderline blood pressure. The use of vasodilator hydralazine is not routine and its use might be governed by clinical need, especially when the pregnant women are not hypertensive and have no evidence of congestion or decompensation. Digoxin might be added when symptoms persist despite diuresis and vasodilator therapy.

Despite the fair clinical outcome of most adults with a repaired TOF, many patients have varying degrees of moderate pulmonary valve regurgitation which is usually rendered incompetent through surgical enlargement of the right ventricular outflow tract and insertion of transannular patches. In one report, severe pulmonary regurgitation was present in 14 pregnancies (28%), which led to complications in 3 (21%). One of those patients had a second pregnancy after pulmonary valve replacement without complications, while 8 (57%) of the patients with severe pulmonary regurgitation did not have complications during pregnancy.\[[@ref21]\] Our patient had moderate pulmonary regurgitation throughout all her pregnancies but this remained stable with no complications.

One of the most perplexing issues in an adult with a repaired TOF is when to intervene and replace the pulmonary valve in the presence of significant volume overload secondary to pulmonary regurgitation. Although the operation has extremely low mortality,\[[@ref2]\] the long-term pulmonary valve durability, ventricular function, longevity, and quality of life can be questioned.

The use of ICDs has become a valuable option for the prevention of sudden cardiac death from ventricular arrhythmias and severe left ventricular dysfunction.\[[@ref24]\] The number of young women reaching their child-bearing age with ICDs is increasing although after the repair of TOF, sudden cardiac death is the single most common cause of late mortality\[[@ref5][@ref25]--[@ref28]\] accounting for 30% over 15 years of follow-up.\[[@ref29]\] Data presented by Witte *et al*. demonstrate that patients with a repaired TOF, receiving an ICD, have a high rate of both inappropriate discharges, mostly for supraventricular tachycardia and appropriate antitachycardia pacing therapies, and a lower rate of appropriate discharges when compared with patients with DCM. However, the absolute benefits of ICD therapy in patients with a repaired TOF remain unclear and associated morbidity is scarcely reported.\[[@ref30]\]

In our patient in whom there was an underlying severe DCM before pregnancy, it might be expected that the patient would experience an increased number of ventricular arrhythmias and hence more frequent ICD firings due to the stress of the pregnancy, but no significant arrhythmias or ICD discharges occurred. During the cesarean section, the device was inactivated and external defibrillator electrodes were applied for the duration of the peripartum interval to avoid unpredictable fetal risk from ICD firing. Pregnancy in a patient with an ICD presents additional considerations for fetal safety; while ICD discharges are unlikely to cause life-threatening fetal arrhythmias as a result of the small current shunted from ICD shock,\[[@ref31]\] recurrent maternal ventricular tachycardia may trigger hemodynamic and autonomic nervous system alterations\[[@ref32][@ref33]\] that could result in hypotension and placental hypoperfusion.\[[@ref11]\] Eleven of a series of 44 pregnant women with ICDs experienced discharges with no evident adverse fetal outcomes.\[[@ref24]\]

Although no lead fracture was reported in the 14 pregnant patients with ICDs studied by Natale *et al*.,\[[@ref24]\] our patient, after her second delivery, needed new lead implantation, although this major concern of lead fracture could conceivably occur as a result of diaphragm elevation secondary to fetal growth and/or labor contractions increasing the stresses on the transvenous system.

A cesarean section under general anesthesia was elected, and it is probably the preferred technique. It has the advantage of minimizing the physical stress of labor and allowing more stable hemodynamics; during general anesthesia, the cardiac output increases by 30% compared to 50% in spontaneous delivery but it is not free from hemodynamic consequences related to anesthesia, assisted ventilation, and the increased risk of thromboembolism. The incidence of the cesarean section was similar to that expected in the general population\[[@ref34]\] although performed more often (28.3%) than in the Dutch general population (6.5%),\[[@ref35]\] and this is in accordance with the report of Zuber and colleagues.\[[@ref36]\] The high rate of the cesarean section probably reflects caution or fear on the part of obstetricians and cardiologists.

While the choice of anesthetic drugs may not be of prime importance, both general and regional anesthetic techniques need assiduous attention and have been employed successfully in parturients with a TOF.\[[@ref37]\] The optimum anesthetic technique for cesarean section patients with DCM is controversial and both general anesthesia\[[@ref38][@ref39]\] and regional anesthesia\[[@ref40][@ref41]\] have been described. Brown *et al*. described the use of general anesthesia because they feared catastrophic effects of a reduction in systemic vascular resistance caused by epidural blockade.\[[@ref38]\] Slowly titrated epidural anesthesia has been recommended as it avoids the use of cardiodepressant drugs and may improve myocardial performance by reducing the left ventricular afterload.\[[@ref40][@ref41]\] Mellor and Bodenham considered both methods dangerous and described the use of infiltration anesthesia supplemented with bilateral ilio-inguinal nerve block and intravenous fentanyl.\[[@ref42]\] We believe that close intraoperative and postoperative invasive monitoring may be more important than the choice of anesthesia.

The presence of an ICD should not discourage women from becoming pregnant but the added functional cardiac status of a repaired TOF warrants meticulous handling of the patient starting from attention paid to the severity of pulmonary regurgitation, consideration of termination of pregnancy, to continuous close coordination through a multidisciplinary approach involving the cardiologist, cardiac surgeon, obstetrician and anesthesiologist, by means of which the most serious complications can be avoided.

Continuous maternal hemodynamic and fetal monitoring at the time of delivery was another important aspect of meticulous care. Sepsis may be an underappreciated cause of worsening cardiomyopathy and proarrhythmia in this patient and early detection and treatment are of importance. Thromboembolism prophylaxis was anticipated during postpartum owing to the fact that both pregnancy and heart failure are independently associated with an increased risk of thromboembolic phenomena. Despite the hypercoagulable state of pregnancy, there are no data defining the risk of thromboembolic complications from ventricular thrombi in pregnant women with a severe LV dysfunction (e.g., LVEF \< 30%) during the antepartum period. In our practice, we are not using anticoagulant prophylaxis during pregnancy when LVEF is ≥30%.

Finally, a delivery in the case of a high cardiac risk parturient who did not comply with medical advice against pregnancy, although happily successful, is hardly a momentous event in the medical firmament. However, meticulous multidisciplinary care will be considered as core management of this particular patient.
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